Peptide Disc Mediated Control of Membrane Protein Orientation in Supported Lipid Bilayers for Surface-Sensitive Investigations.
In vitro characterization of membrane proteins requires experimental approaches providing mimics of the microenvironment that proteins encounter in native membranes. In this context, supported lipid bilayers provide a suitable platform to investigate membrane proteins by a broad range of surface-sensitive techniques such as neutron reflectometry (NR), quartz crystal microbalance with dissipation monitoring (QCM-D), surface plasmon resonance (SPR), atomic force microscopy (AFM), and fluorescence microscopy. Nevertheless, the successful incorporation of membrane proteins in lipid bilayers with sufficiently high concentration and controlled orientation relative to the bilayer remains challenging. We propose the unconventional use of peptide discs made by phospholipids and amphipathic 18A peptides to mediate the formation of supported phospholipid bilayers with two different types of membrane proteins, CorA and tissue factor (TF). The membrane proteins are reconstituted in peptide discs, deposited on a solid surface, and the peptide molecules are then removed with extensive buffer washes. This leaves a lipid bilayer with a relatively high density of membrane proteins on the support surface. As a very important feature, the strategy allows membrane proteins with one large extramembrane domain to be oriented in the bilayer, thus mimicking the in vivo situation. The method is highly versatile, and we show its general applicability by characterizing with the above-mentioned surface-sensitive techniques two different membrane proteins, which were efficiently loaded in the supported bilayers with ∼0.6% mol/mol (protein/lipid) concentration corresponding to 35% v/v for CorA and 8% v/v for TF. Altogether, the peptide disc mediated formation of supported lipid bilayers with membrane proteins represents an attractive strategy for producing samples for structural and functional investigations of membrane proteins and for preparation of suitable platforms for drug testing or biosensor development.